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ABSTRACT 

Voice communications w i t h  t h e  Apollo 7 s p a c e c r a f t  
are examined from l i f t - o f f  a t  Cape Kennedy through t h e  p a s s  
ove r  t h e  Canary I s l a n d  MSFN s t a t i o n .  
g i b i l i t y  and q u a l i t y  were d i f f e r e n t  a t  t h e  s e v e r a l  MSFN 
s t a t i o n s .  Down l i n k  v o i c e  s i g n a l  q u a l i t y  var ied wide ly .  
I n  some c a s e s ,  t r a n s m i s s i o n s  from MCC t o  and from t h e  space- 
c r a f t  were n o t  r e c e i v e d .  F o r  a s i g n i f i c a n t  p o r t i o n  o f  t h e  
t ime from l i f t - o f f  th rough t h e  Canary I s l a n d  t r a n s i t ,  MCC 
e i t h e r  r e c e i v e d  g a r b l e d  v o i c e  s i g n a l s  o r  d i d  no t  r e c e i v e  
t h e  s p a c e c r a f t  t r a n s m i s s i o n s .  
same p e r i o d ,  MCC a p p a r e n t l y  d i d  n o t  have an up v o i c e  
c a p a b i l i t y  w i t h  t h e  s p a c e c r a f t .  

Communications i n t e l l i -  

Durlng a p o r t i o n  of t h i s  

Ana lys i s  o f  MSFN vo ice  r e c o r d i n g s  and t h e  NET 1 
c i r c u i t  ( G O S S  Conference)  t r a n s c r i p t  made a t  MCC i n d i c a t e d  
that  t h e  v o i c e  s i g n a l  anomalies were a p p a r e n t l y  due t o  pro- 
c e d u r a l  and equipment problems a t  t h e  MSFN s t a t i o n s .  



- - e .  , 
BELLCOMM, INC. 
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON, D.C. 20024 

368 12112 

Apollo 7 Launch Phase A i r /  DATE: December 30 ,  1968 
Ground Voice Contact  Ana lys i s  
Case 9 0 0  L .  A .  Ferrara 

1.0 

MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

Voice communications between t h e  Apollo 7 
s p a c e c r a f t ,  MSFN ground s t a t i o n s ,  and Mission Con t ro l  
Center  ( M C C )  d u r i n g  t h e  miss ion  launch  phase were observed  
by Messrs. J .  J .  Hibbe r t  a t  the  MSFN s t a t i o n  a t  Cape Kennedy, 
J .  T .  Raleigh a t  Corpus C h r i s t i ,  and t h e  w r i t e r  a t  LCC 37. 
The o b s e r v a t i o n s  were made t o  e v a l u a t e  t h e  performance o f  
t h e  i n t e r c o n n e c t i n g  KSC Opera t iona l  Intercommunicat ion Sys tem-  
Audio (01s-A) and t h e  a i r /g round  vo ice  s y s t e m  f o r  t h i s  f i r s t  
manned Apollo mis s ion .  Communications i n t e l l i g i b i l i t y  and 
q u a l i t y  were observed  t o  b e  d i f f e r e n t  a t  s e v e r a l  l o c a t i o n s ,  
r a n g i n g  i n  q u a l i t y  from e x c e l l e n t  t o  b a d l y  g a r b l e d  w i t h  sev- 
e r a l  i n s t a n c e s  o f  t r a n s m i s s i o n s  ( b o t h  t o  and from t h e  space- 
c r a f t )  neve r  r e a c h i n g  t h e i r  d e s t i n a t i o n .  Two-way v o i c e  
communications o f  b o t h  S-Band and VHF vo ice  r a d i o  l i n k s  as 
r eco rded  a t  t h e  ground s t a t i o n s  having c o n t a c t  d u r i n g  t h e  
l a u n c h  phase were reviewed and compared w i t h  t h e  t r a n s c r i p t  
of t h e  NET 1 c i r c u i t  (GOSS Conference) as heard a t  t h e  Mission 
C o n t r o l  Center .  

A summary o f  t h e  a i r /ground vo ice  c o n t a c t s  as a 
f u n c t i o n  o f  Ground E l a p s e d  Time (GET) i s  p r e s e n t e d  i n  F igu re  1 
f o r  t h e  p e r i o d  from l i f t - o f f  t o  L o s s  of  S i g n a l  (LOS) a t  t h e  
Canary I s l a n d s  s t a t i o n  ( l i f t - o f f  p l u s  2 4  minutes . ) .  A s  shown 
i n  F i g u r e  1, vo ice  communication from t h e  s p a c e c r a f t  t o  t h e  
Miss ion  Con t ro l  Cen te r  i n  Houston was mis s ing  for about  25% of 
t h e  t i m e  and was g a r b l e d  t o  some degree f o r  a n  a d d i t i o n a l  25% of 
t h e  t i m e  between l i f t  o f f  and LOS a t  t h e  Canary I s l a n d s ;  d u r i n g  a t  
l ea s t  15% of t h i s  same p e r i o d ,  MCC a p p a r e n t l y  d i d  no t  have an  
up v o i c e  communications c a p a b i l i t y  w i t h  t h e  s p a c e c r a f t .  I n  
one c a s e ,  t h e  loss of up vo ice  t o  t h e  s p a c e c r a f t  occu r red  
j u s t  p r i o r  t o  i n s e r t i o n  i n t o  Ear th  o r b i t  when some mis s ion  
c r i t i c a l  messages are t r a n s m i t t e d  by  MCC t o  t h e  crew; these  
were no t  heard by t h e  s p a c e c r a f t  crew. 

The r e s u l t s  of t h e  review of t h e  v o i c e  r e c o r d i n g s  
and p o s s i b l e  causes  f o r  t h e  observed d i s c r e p a n c i e s  are d i s -  
c u s s e d  i n  S e c t i o n  3 .0  of t h i s  memorandum. 
while  no t  cons ide red  complete due t o  t h e  u n a v a i l a b i l i t y  of  

T h i s  a n a l y s i s ,  

L 



BELLCOMM, I N C .  - 2- 

a l l  t h e  data, w a s  reviewed wi th  GSFC p e r s o n n e l  on November 27, 
1968. GSFC has been making a similar a n a l y s i s  and has i n d i c a t e d  
t h a t  i t  w i l l  take a p p r o p r i a t e  c o r r e c t i v e  a c t i o n  t o  e l i m i n a t e  
t h e  p rocedua l  and t e c h n i c a l  d i f f i c u l t i e s  no ted .  

2 . 0  Voice Sys tem Conf igu ra t ion  

T h i s  was t h e  f i rs t  manned o r b i t a l  t es t  o f  t he  U n i f i e d  
S-Band (USB) system. The USB v o i c e  system was c o n s i d e r e d  t o  
be backup t o  t h e  prime VHF-AM system i n  t h e  Apollo 7 mis s ion .  
The s p a c e c r a f t  and ground s t a t i o n s  were i n  a Duplex B mode of 
o p e r a t i o n  f o r  v o i c e  communications d u r i n g  t h e  'launch phase ,  
t r a n s m i t t i n g  on one VHF f requency  and r e c e i v i n g  on a n o t h e r .  
The VHF Duplex B mode was t o  be ma in ta ined  d u r i n g  the  l aunch  
phase ,  t h e n  the  pr ime v o i c e  system was t o  be c o n f i g u r e d  f o r  
Simplex A o p e r a t i o n  f o r  o r b i t a l  communications. The CSM and  
MSFN s t a t i o n s  b o t h  t r a n s m i t  and r e c e i v e  on t h e  296.8 mHz 
c a r r i e r  i n  t h e  Simplex A mode. During the l aunch  p h a s e ,  the  
Apol lo  7 CSM s imul t aneous ly  t r a n s m i t t e d  v o i c e  t o  t h e  MSFN 
from t h e  crew o v e r  t h e  USB s y s t e m  on a s u b c a r r i e r  o f  t h e  
2287.5 mHz USB c a r r i e r  and over  t h e  VHF c a r r i e r  on 259.7 mHz. 
The  CSM was equipped  t o  r e c e i v e  t h e  up v o i c e  communications 
s i m u l t a n e o u s l y  on b o t h  VHF (296.8 m H z )  and USB (2106.4  mHz), 
a l t h o u g h  t h e  USB a u d i o  volume was d e l i b e r a t e l y  a d j u s t e d  b e f o r e  
l i f t - o f f  t o  i t s  lowes t  s e t t i n g  t o  p r e v e n t  l oud  s t a t i c  f rom 
b o t h e r i n g  the  crew whenever t h e r e  was no USB c a r r i e r  p r e s e n t .  
There was no s q u e l c h  c i r c u i t  on t h e  USB a u d i o  system i n  t h e  
Apol lo  7 s p a c e c r a f t .  

Although t h e  up vo ice  was t r a n s m i t t e d  s i m u l t a n e o u s l y  
from t h e  MSFN s t a t i o n s  on VHF (298.6 mHz) and USB (2196.4 mHz), 
t h e  a s t r o n a u t s  were i n s t r u c t e d  t o  keep t h e  USB volume c o n t r o l s  
below t h r e s h o l d  u n l e s s  t hey  could  n o t  r e c e i v e  t h e  VHF s i g n a l .  
I n  f a c t ,  d u r i n g  one p e r i o d  (about  3 minu tes  a f t e r  l i f t - o f f )  
t h e  s p a c e c r a f t  Commander d i d  i n c r e a s e  h i s  USB volume thumb- 
wheel because  he cou ld  no t  h e a r  t h e  ground s t a t i o n  respond on 
VHF when he c a l l e d .  T h i s  i s  one o f  t h e  p e r i o d s  where t h e  con- 
t a c t  a n a l y s i s  c h a r t  (Key B,  F i g u r e  1) shows there  was no up 
l i n k  communications from MCC a t  a l l ,  which may have been due 
t o  a f a i l u r e  t o  promptly connect  t he  GBM/GBI ground s t a t i o n  t o  
MCC o v e r  t h e  NET l c i r c u i t  a f t e r  t h e  G M I L  s t a t i o n  was d i scon-  
n e c t e d .  Communications were heard  i n  t he  s p a c e c r a f t  a t  3 min: 
13  s e c  a f t e r  l i f t - o f f ;  i t  i s  b e l i e v e d  t h i s  was due t o  t h e  
r e s t o r a t i o n  of up v o i c e  c a p a b i l i t y  on VHF and w a s  n o t  the  
r e s u l t  of i n c r e a s i n g  t h e  USB s p a c e c r a f t  r e c e i v e r  volume s e t t i n g .  
The USB volume s e t t i n g  used was n o t a d e q u a t e  t o  p e r m i t  h e a r i n g  t h e  
up v o i c e .  The crew rrembers can r e c e i v e  VHF, USB o r  s p a c e c r a f t  
intercomm v o i c e  s i g n a l s  i n  t h e i r  headsets depending on the 
s e t t i n g s  of t he  s p a c e c r a f t  aud io  c e n t e r  s w i t c h e s  and t h e y  are 
n o t  a lways  able t o  d i s t i n g u i s h  which r a d i o  l i n k  t h e y  are 
l i s t e n i n g  t o .  
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The MSFN ground s t a t i o n  c o n f i g u r a t i o n  f o r  launch  
phase  v o i c e  communications p rov ided  s imul taneous  t r a n s m i s s i o n  
o f  VHF ( 2 9 6 . 8  m H z )  and USB (2272.5 mHz). F i g u r e  3 i l l u s t r a t e s  
t h e  a i r /g round  communications p a t h s  o f  a t y p i c a l  MSFN s t a t i o n .  
The MSFN s t a t i o n s  have the  c a p a b i l l t y  t o  t r a n s f e r  t h e  o u t p u t  
of  e i t h e r  ( o r  b o t h )  USB and VHF r e c e i v e r s  t o  MCC ove r  t h e  
NET1 c i r c u i t  th rough swi tch  a c t u a t i o n  a t  t h e  Communications 
Techn ic i ans  (Comm-Tech) Console. 

S p a c e c r a f t  v o i c e  communications are  connected from 
t h e  s i t e s  t o  MCC th rough a 4 - w i r e  con fe renc ing  system con- 
t r o l l e d  a t  GSFC as shown i n  F i g u r e  2 .  I n  t h e  c o n f i g u r a t i o n  
used  f o r  t h i s  m i s s i o n ,  each s i t e  had a c c e s s  t o  bo th  the  t r a n s -  
m i t  and r e c e i v e  side o f  t h e  NET 1 c i r c u i t  th rough t h e  t r a n s f e r  
keys.  S p a c e c r a f t  v o i c e  communications t r a n s f e r  from one MSFN 
s t a t i o n  t o  t h e  n e x t  was performed on an elapsed t i m e  bas i s  
wi thou t  p o s i t i v e  de t e rmina t ion  t h a t  t h e  n e x t  MSFN s t a t i o n  
had good communications b e f o r e  t h e  p r e s e n t  MSFN s i t e  d i s -  
connected i t s  v o i c e  s i g n a l  from t h e  n e t .  

Each MSFN s t a t i o n  has a t  l e a s t  two USB r e c e i v e r s  
and two VHF r e c e i v e r s ;  one t o  be used as a qu ick  t r a n s f e r  
back up f o r  t he  o t h e r .  I n  the  VHF Duplex B mode, however, 
(which was used u n t i l  a f t e r  Apollo 7 passed ove r  Canary 
I s l a n d s ) ,  t h e  prime VHF sys t em had no back up r e c e i v e r s  
because  one VHF ground r e c e i v e r  was p re tuned  t o  t h e  259.7 mHz 
c a r r i e r  whi le  t h e  o t h e r  was tuned  t o  296.8 m H z ,  t h e  f requency  
used  i n  t h e  s implex A mode employed f o r  o r b i t a l  communications. 

I n  examining Figure  1, it must be remembered t h a t  
t h e  c o n t a c t s  l i s t e d  f o r  t h e  v a r i o u s  MSFN s t a t i o n s  were o b t a i n e d  
from r e c o r d i n g s  of  USB and VHF v o i c e  t a k e n  a t  t h e  Communications 
Techn ic i ans  Console a t  t h e  s i t e .  Each r e c o r d i n g  c o n t a i n e d  b o t h  
t h e  up v o i c e  t o  t h e  CSM as  r e c e i v e d  from MCC (once t h e  t r a n s -  
f e r  key was c l o s e d )  and the down v o i c e  from t h e  CSM from which- 
e v e r  r e c e i v e r  was pa tched  t o  p r o v i d e  t h e  vo ice  f o r  t h e  n e t .  
T h e r e f o r e ,  these r e c o r d i n g s  show what was p r e s e n t e d  t o  t h e  
r e s p e c t i v e  t r a n s m i t t e r  modula tors ,  no t  n e c e s s a r i l y  what was 
t r a n s m i t t e d  a t  r a d i o  frequency t o  t h e  s p a c e c r a f t .  L i k e w i s e ,  
t h e  down v o i c e  on t h e  same reco rd ing  shows the  o u t p u t  o f  t h e  
r e c e i v e r ,  b u t  n o t  n e c e s s a r i l y  what was on NET 1 because  t h a t  
a g a i n  depends on t h e  p o s i t i o n  of t h e  t r a n s f e r  keys  a t  t h e  
Communications Technic ians  Console. It a l s o  appea r s  t h a t  
i n  t h e  network c o n f i g u r a t i o n  used  f o r  Apollo 7,  t he  r e c e i v e  
s ide  of  t h e  VHF r e c o r d i n g  made a t  t h e  s i t e  w i l l  a l s o  c o n t a i n  
whatever  e l se  i s  on t h e  r e c e i v e  side of t h e  NET 1 c i r c u i t  i f  
t h e  l o c a l  t r a n s f e r  key i s  c losed  a t  t h e  Corn Tech Console.  
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3.0 R e s u l t s  

The f o l l o w i n g  o b s e r v a t i o n s  were made from n o t e s  
t a k e n  i n  r ea l  t i m e  by t h e  Bellcomm o b s e r v e r s  and from v o i c e  
r e c o r d i n g s  from some of t h e  MSFN s i t e s  hav ing  c o n t a c t  dur- 
i n g  t h e  launch  phase.  The l e t t e r s  i n  p a r e n t h e s i s  which are 
no ted  i n  t h e  fo l lowing  Pa rag raphs  are keyed t o  t h e  cor respond-  
i n g  c i r c l e d  l e t t e r s  on F igu re  1. 

3 . 1  MSFN S t a t i o n  a t  Cape Kennedy (GMIL) 

3 .1 .1  USB Down Voice 

Recordings i n d i c a t e d  t h a t  good q u a l i t y  v o i c e  
was a v a i l a b l e  a t  t h e  o u t p u t  o f  t h e  USB r e c e i v e r  from l i f t - o f f  
t o  Loss of S i g n a l  (LOS) a t  GMIL ( abou t  gm: 4bS GET). S e v e r a l  
b u r s t s  o f  s t a t i c  were p r e s e n t  from lm: 30' GET, Predominat ing  
a t  1m:45s, b u t  these were never  s t r o n g  enough t o  mask t h e  
s p a c e c r a f t  v o i c e  s i g n a l .  Comparison o f  t h i s  r e c o r d i n g  and 
t h e  Black 3 channe l  o f  t h e  KSC O p e r a t i o n a l  In te rcommunica t ion  
System-Audio (01s-A) c i r c u i t  r e c o r d i n g  f o r  t h i s  t i m e  p e r i o d  
bear remarkable s imi l a r i t i e s  as t o  v o i c e  q u a l i t y ,  message con- 
t e n t ,  d u r a t i o n  and ampl i tude  o f  s t a t i c  b u r s t s .  It i s  there- 
f o r e  b e l i e v e d  t h a t  t h e  GMIL USB r e c e i v e r  and n o t  t h e  s p e c i a l  
VHF wideband r e c e i v e r  as s p e c i f i e d  f o r  t he  p r e l a u n c h  conf ig -  
u r a t i o n  was connec ted  t o  t h e  Black 3 channe l  a f t e r  l aunch .  A 
r e c o r d i n g  o f  t h e  s p e c i a l  wideband VHF r e c e i v e r  o u t p u t  was 
n o t  a v a i l a b l e  f o r  comparat ive a n a l y s i s .  

3 . 1 . 2  USB Up Voice 

Good v o i c e  q u a l i t y  from t h e  Blockhouse on t h e  
As t ro l aunch  c i r c u i t  and MCC on NET 1 i s  p r e s e n t  on t h e  u p l i n k  
r e c o r d i n g s  from l i f t - o f f  t o  2m: 05s GET when the  up v o i c e  w a s  
d i s c o n n e c t e d  from NET 1 i n  accordance w i t h  t h e  s t a t i o n  hand- 
o v e r  p l a n .  

3.1. 3 VHF Down Voice 

Good q u a l i t y  v o i c e  i s  heard from l i f t - o f f  t o  
GMIL LOS a t  gm: 45' (3ET)except f o r  some s t a t i c  around lm: 3 5 s  
and two m i s s i n g  s p a c e c r a f t  t r a n s m i s s i o n s :  ( a )  a t  lm: 45' "EDS 
MANUAL" and ( b )  lm: 52', "ROGER ONE CHARLIE."  These t r a n s -  
m i s s i o n s  were c l e a r l y  hea rd  on t h e  USB r e c o r d i n g s  (and 
Black  3 01s channe l )  bu t  s i n c e  only  VHF was connec ted  t o  NET 1, 
MCC d i d  n o t  r e c e i v e  t h e  mis s ing  s p a c e c r a f t  messages (Key-A). 
The VHF r e c e i v e r  ou tpu t  was d i sconnec ted  from NET 1 a t  
2m: 05' (GET) i n  t h e  middle  of t he  s p a c e c r a f t  t r a n s m i s s i o n ,  
"ROGER, WE'RE GO/HERE J A C K . "  
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3.1.4 VHF U p  Voice 

E s s e n t i a l l y  t h e  same comments app ly  as f o r  
t h e  USB up v o i c e  (Para. 3 . 1 . 2 )  because  t h e  s t a t i o n  was simul-  
t a n e o u s l y  t r a n s m i t t i n g  USB and VHF from t h e  same i n p u t s  
a l t h o u g h  the  s p a c e c r a f t  had t h e  USB r e c e i v e r  volume c o n t r o l s  
t u r n e d  down and was only  h e a r i n g  VHF. A p o s t  f l i g h t  r e p o r t  
i n d i c a t e d  some doubt as t o  whether t h e  s i g n a l s  of "LIFT-OFF" 
and "CLEAR THE TOWER" o r i g i n a t e d  a t  KSC were a c t u a l l y  t r a n s -  
m i t t e d  t o  t h e  s p a c e c r a f t  because  the  crew d i d  n o t  r e c a l l  
h e a r i n g  them. LC-34 Blockhouse has v o i c e  communications con- 
t r o l  u n t i l  t h e  space  v e h i c l e  s u c c e s s f u l l y  c l e a r s  t h e  tower,  
a t  which t i m e  t h e  c o n t r o l  s h i f t s  t o  MCC.  It i s  impor t an t  t o  
know tha t  t h e  Blockhouse can t a l k  t o  t h e  s p a c e c r a f t  d u r i n g  
approximate ly  t h e  f i rs t  10 seconds a f t e r  l i f t - o f f  because  
that  i s  the  t i m e  when c r i t i c a l  a b o r t  a d v i s o r y  messages would 
b e  t r a n s m i t t e d .  

Recordings made on mon i to r ing  r e c e i v e r s  d e f i n i t e l y  
e s t ab l i shed  that t he  "LIFT-OFF" and "CLEAR O F  THE TOWER" 
were t r a n s m i t t e d  on USB and VHF from GMIL. The l i f t - o f f  
c a l l ' o u t  came a t  T + 2 seconds,  s l i g h t l y  o v e r l a p p i n g  t h e  
end of t h e  s p a c e c r a f t  t r a n s m i s s i o n  of "LIFT-OFF AND CLOCKS 
STARTED" a t  1 s e c .  (GET) .  The "CLEAR OF THE TOWER" message 
was heard a t  Om: 07s (GET),  bu t  a t  a s l i g h t l y  reduced  l e v e l  
t h a n  t h e  o t h e r  up- l inked  t r a n s m i s s i o n s .  

3.1.5 Exp lana t ion  of Observed Anomalies 

The miss ing  t r a n s m i s s i o n s  (Key A )  from t h e  
VHF r e c o r d i n g  (and  NET 1) occurred  a t  a t i m e  when t h e  VHF 
c a r r i e r  power r e c e i v e d  a t  GMIL had a pronounced d i p .  The 
d i p  i s  b e l i e v e d  t o  have been  caused  by  a combinat ion of poor  
look a n g l e s  t o  the s p a c e c r a f t  a n t e n n a s  ( G M I L  l i n e - o f - s i g h t  
i s  on ly  2 t o  4 deg rees  o f f  t he  l o n g i t u d u a l  a x i s  of  t h e  space  
v e h i c l e  l ook ing  a t  t h e  t a i l ) ,  and flame a t t e n u a t i o n  from t h e  
b o o s t e r .  The USB r e c e i v e d  power v s .  t i m e  curve  c l o s e l y  
fo l lowed t h e  p remiss ion  p r e d i c t i o n s  i n c l u d i n g  a d i p  i n  
r e c e i v e d  power o c c u r r i n g  a t  t h e  same t i m e  as the  VHF d i p .  
m i l e  the s i g n a l  a t t e n u a t i o n  was no t  s u f f i c i e n t  t o  b reak  USB 
l o c k ,  some s t a t i c  was hea rd  on t h e  USB v o i c e  t a p e  a t  t h a t  
t i m e  (Im: 45') and t h e  t e l e m e t r y  b i t  e r r o r s  and frame synch 
e r r o r s  i n c r e a s e d .  

The d i p  i n  t h e  VHF r e c e i v e d  s i g n a l  showed an a t t e n u -  
a t i o n  of about  35 dB. 
w a s  s t i l l  approximate ly  20 dB h i g h e r  t h a n  t h e  9 0 %  word 

The lowest r e c e i v e d  s i g n a l  l e v e l ,  however, 
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i n t e l l i g i b i l i t y  l e v e l  f o r  a p r o p e r l y  a d j u s t e d  R278 VHF 
r e c e i v e r .  The loss of t h e  VHF down l i n k  t r a n s m i s s i o n s  
a t  t h i s  t i m e  cou ld  have been  caused  by t h e  s e t t i n g  o f  the  
s q u e l c h  c i r c u i t  which q u i e t e d  t h e  R278 r e c e i v e r  a t  a thres- 
h o l d  l e v e l  which was t o o  h igh  f o r  t h e  r e c e i v e d  VHF s i g n a l  
power. T h i s  might have been an  equipment ad jus tmen t  problem. 

The loss of ' I . .  . ./HERE J A C K "  p o r t i o n  o f  t h e  
zrn: 05' message was due t o  d i s c o n n e c t i n g  t h e  GMIL s t a t i o n  
from NET 1 wi thou t  w a i t i n g  f o r  t h e  message t o  be  completed.  

3.2 MSFN S t a t i o n  a t  Grand Bahama I s l a n d  (GBM-USB S i t e ,  
GBI-VHF S i t e )  

3 . 2 . 1  USB Down Voice 

The USB down v o i c e  p a r t  of  t h e  r e c o r d i n g  
i n d i c a t e d  a c l e a r  b u t  low l e v e l  s i g n a l  from t h e  3m: 13s GET 
s p a c e c r a f t  t r a n s m i s s i o n  "HOUSTON, DO YOU READ APOLLO 7 ? "  
t o  Q7m: 03' (GET) when t h e  speech l e v e l  i n c r e a s e s  bu t  becomes 
g a r b l e d .  The s p a c e c r a f t  t r a n s m i s s i o n s  remained g a r b l e d  
u n t i l  Bm: 08' (GET) when t h e  c i r c u i t  was a p p a r e n t l y  d i s -  
connec ted  from t h e  n e t .  ( A  key c l i c k  cou ld  be  hea rd  a l o n g  
w i t h  a c h a r a c t e r i s t i c  s h i f t  i n  background n o i s e  l e v e l ) .  
(Key E) 

3 . 2 . 2  USB Up Voice 

F i r s t  up-l ink v o i c e  heard on the  GBM USB 
r e c o r d i n g  was a t  3m: 15' (GET) "ROGER - FIVE, FIVE, WALLY - 
YOU'RE LOOKING GOOD." Up voice  from NET 1 was of  good q u a l i t y  
u n t i l  8m: 08' (GET) when GBM was d i s c o n n e c t e d  from NET 1. 
There was no GBM s t a t i o n  r e c o r d i n g  o f  MCC v o i c e  t r a n s m i s s i o n s  
from the  GMIL d i s c o n n e c t  a t  2m: 0gS u n t i l  t h e  3m: 1 5 s  (GET) 
message i n d i c a t i n g  a p o s s i b l e  l o s s  of up- l ink  c a p a b i l i t y  on 
USB d u r i n g  t h i s  p e r i o d  (Key B )  

3 .2 .3  VHF Down Voice 

The f i r s t  r eco rded  s p a c e c r a f t  v o i c e  was a t  
lm: 45' (GET)- "EDS - MANUAL", (one  of t h e  m i s s i n g  messages 
from t h e  G M I L  VHF and t h e  MCC NET 1 r e c o r d i n g s  . The v o i c e  
was o f  good q u a l i t y  u n t i l  LOS a t  10": 26s (GET 
f o l l o w i n g  e x c e p t i o n s :  t h e  l a s t  ? O  seconds was weak b u t  
readable,  and a strong g a r b l e  occur red  between 7": O O s  and 
fjm: 08s (GET) .  The g a r b l e d  p o r t i o n  was i d e n t i c a l  i n  char -  
a c t e r i s t i c s  t o  t h a t  heard  on t h e  GBM USB r e c o r d i n g .  
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3 .2 .4  VHF U p  Voice 

Good q u a l i t y  MCC t r a n s m i s s i o n s  were heard 
on t h i s  r e c o r d i n g  from 3m: 15' t o  8m: 0 8 ~  GET, t h e  same 
p e r i o d  covered  by t h e  GBM USB up v o i c e ,  i n d i c a t i n g  a s i m -  
u l t a n e o u s  f e e d  t o  t h e  VHF and USB t r a n s m i t t e r s .  

3 .2 .5  Exp lana t ion  of Observed Anomalies 

v o i c e  was n o t  connec ted  t o  NET 1 u n t i l  3m: 13' (GET).  T h i s  
l e f t  MCC w i t h o u t  v o i c e  communications (up o r  down) t o  t he  
s p a c e c r a f t  from t h e  t ime (2m: 05') GMIL went " l o c a l "  u n t i l  
GBM/GBI went "remote" (3m: 13') The p lanned  handover  of 
u p l i n k  and downlink communications was t o  occur  a t  2m: 00' GET. 

It appea r s  t h a t  GBM ( U S B ) / G B I  (VHF) s t a t i o n  

GBM/GBI remained connec ted  t o  NET 1 c i r c u i t  u n t i l  
8m: 08' (GET) ,  o v e r l a p p i n g  t h e  BDA t r a n s m i s s i o n  and r e c e p t i o n  
by 68 seconds .  
F: 00' (GET). 
d u r i n g  t h i s  p e r i o d  are b e l i e v e d  t o  be caused  by t h e  garbled 
r e c e i v e r  a t  BDA which as connected t o  NET 1 a t  t h i s  t i m e .  
(see para. 3 . 3 . 5 ) .  

The planned handover  t o  BDA was t o  be a t  
The ga rb led  GBM/GBI down v o i c e  r e c o r d i n g s  

3.3 MSFN S t a t i o n  a t  Bermuda (BDA)  

3 .3 .1  USB Down Voice 

The f i r s t  i n t e l l i g i b l e  s p a c e c r a f t  t r a n s m i s s i o n  
heard  on t h i s  r e c o r d i n g  was p a r t  of t h e  6m: 32' (GET) " K I N D  OF 
DARK /ON TOP" message when USB l o c k  was b r i e f l y  a c q u i r e d .  
Then a t  7m: OOs,  t h e  r e c o r d i n g  becomes garbled and remains  
s o  u n t i l  gm: 16s (GET) when it c l e a r s  up f o l l o w i n g  a s t a t i c  
b i i r s t  and remains good u n t i l  d i s c o n n e c t e d  from t h e  v o i c e  
network a t  12m: O O s  (GET) (Key E ) .  

3.3.2 USB U p  Voice 

Good vo ice  was heard on the  tape from 7m: 06' 
(GET) when t h e  up- l ink  was ap a r e n t l y  connec ted  t o  NET 1 u n t i l  

d i s c o n n e c t e d  t o  handover the  up - l ink  t o  t h e  Vanguard. There 
was a p e r i o d  of about  30 seconds f o l l o w i n g  a s t a t i c  b u r s t  
a t  gm: O G s  when key c l i c k s  and a s l i g h t  s h i f t  i n  background 
n o i s e  l e v e l  was heard. The gm: 2OS t r a n s m i s s i o n  "I COULDN'T 
MAKE I T  OUT WALLY, BUT YOU'RE L O O K I N G  REAL GOOD" was n o t  

t h e  comple t ion  of t h e  llm: 57 B (GET) t r a n s m i s s i o n  when BDA 
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observed  on the S-Band tape - a l t h o u g h  i t  was on the VHF up 
t a p e .  It was a l s o  observed  t h a t  t h e  f i rs t  s y l l a b l e  o r  two 
of t he  up-l ink t r a n s m i s s i o n s  were m i s s i n g  from t h e  BDA USB 
r e c o r d i n g s ,  b u t  n o t  from t h e  VHF up v o i c e  r e c o r d i n g  which 
were unde r s tood  t o  be f e d  s i m u l t a n e o u s l y  from the GOSS 
Conference channe l  (NET 1). 

3.3.3 VHF Down Voice 

The s p a c e c r a f t  was f i r s t  heard on these 
The s eechswas bad ly  g a r b l e d  r e c o r d i n g s  a t  3m: 41' GET. 

GET when t h e  back- 
ground n o i s e  changed l e v e l  and c h a r a c t e r i s t i c  (Key C ) .  The 
r e c o r d i n g  t h e n  became loud  and c l e a r  and remained s o  u n t i l  
1 4 m :  15' when it went o f f  i n  a b u r s t  o f  s t a t i c  (Key D ) .  

The c o n t a c t  c h a r t  ( F i g u r e  1) shows tha t  a t  t h e  
t i m e  t h e  BDA s i t e  connected t h i s  g a r b l e d  VHF r e c e i v e r  t o  
t h e  vo ice  network, t h e i r  own USB r e c o r d i n g  became g a r b l e d  
and the  garb led  v o i c e  a l s o  appeared  a t  Houston. Although 
t h e  same g a r b l e  i s  shown on t h e  r e c e i v e r  s ide  of the  GMB/GBI 
r e c o r d i n g s ,  i t  i s  b e l i e v e d  the g a r b l e  was a c t u a l l y  on t h e  
t r a n s m i t  o r  up- l ink  s i d e  of  NET 1 and remained p r e s e n t  u n t i l  
GBM/GBI d i s c o n n e c t e d  from t h e  n e t  a t  8m: 08'. Subsequent  
d i s c u s s i o n s  w i t h  GSFC p e r s o n n e l  confirm t h i s  o b s e r v a t i o n  i n  
tha t  a l l  these s i t e s  had a c c e s s  s i m u l t a n e o u s l y  t o  b o t h  s ides  
o f  t h e  GOSS Conference C i r c u i t  t h rough  t h e i r  Comm Tech p a n e l  
t r a n s f e r  keys.  I f  t h i s  was t h e  c a s e ,  o n l y  t h e  l a c k  o f  t h e  
Q u i n d a r  keying  t o n e  p reven ted  t h e  r e c i r c u l a t i n g  BDA g a r b l e d  
downlink from b e i n g  r e t r a n s m i t t e d  from GBM/GBI. S i n c e  GBM/GBI 
remained connec ted  t o  NET 1 f o r  68  seconds  a f t e r  BDA connec ted ,  
i t  i s  assumed t h a t  i n  a d d i t i o n  t o  t h e  con tamina t ion  caused  by 
t h e  BDA VHF r e c e i v e r ,  b o t h  s i t e s  were t r a n s m i t t i n g  MCC messages 
(VHF and USB) t o  t h e  s p a c e c r a f t  d u r i n g  t h i s  t i m e .  

and most ly  u n i n t e l l i g i b l e  u n t i l  9 E : 40 

3.3.4 VHF Up Voice 

The r e c o r d i n g  shows MCC v o i c e  from NET 1 
a p p e a r i n g  a t  t h e  same t ime and o f  t h e  same q u a l i t y  as the  USB 
v o i c e  which was expec ted  s i n c e  t h i s  s i t e  was a l s o  i n  t h e  s i m -  
u l t a n e o u s  USB and VHF t r a n s m i s s i o n  mode. The d i f f e r e n c e  here,  
however, i s  t h a t  a t  gm: 4 O S  (GET) t h e  background n o i s e  changed 
t o n e  and no more MCC t r a n s m i s s i o n s  were heard. For  r e a s o n s  
n o t  y e t  known, t h e  VHF up-l ink was d i s c o n n e c t e d  from the  n e t  
a t  t h i s  t ime ,  and t h e  MCC t r a n s m i s s i o n s  o f  p r e d i c t e d  SECO and 
"MODE FOUR" which were p r e s e n t  on t h e  USB r e c o r d i n g s  were n o t  
t r a n s m i t t e d  on VHF. 
because  t h e y  a p p a r e n t l y  s t i l l  had t h e i r  USB r e c e i v e r  volume 
c o n t r o l s  se t  a t  minimum as p lanned  (Key G ) .  

The s p a c e c r a f t  d i d  no t  h e a r  these messages 
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3 .3 .5  Exp lana t ion  of  Observed Anomalies 

Bermuda appea r s  t o  have had a g a r b l g d  VHF 
r e c e i v e r  which g a r b l e d  t h e  v o i c e  network from 7m: 00 u n t i l  
SECO l o m :  20' GET, a l though  pos t -mis s ion  t e s t i n g  d i d  n o t  
show the r e c e i v e r  t o  be out  of  a l ignmen t .  

The d rama t i c  improvement i n  down v o i c e  q u a l i t y  a t  
"SECO" as heard on NET 1 i s  b e l i e v e d  t o  b e  t h e  USB r e c e i v e r  
o u t p u t .  

The BDA USB r e c e i v e r  o u t p u t  was s i m u l t a n e o u s l y  
connecked t o  NET 1 w i t h  t h e  bad VHF r e c e i v e r  u n t i l  about  
gm: 1 2  when i t  was removed. The garbled feedback  from t h e  
bad  VHF r e c e i v e r  was i s o l a t e d  from the  r e c e i v e  side a t  t h i s  
t i m e ,  and t h e  USB o u t p u t  r e c o r d i n g  became good u n t i l  t h e  
r e c e i v e r  was d i s c o n n e c t e d  a long  w i t h  t h e  up- l ink  a t  12m:  00' 
(GET) ,  t h e  p lanned  handover t i m e  f o r  t h e  Vanguard. It i s  
b e l i e v e d  tha t  a l though  no more v o i c e  appeared  on t h e  USB 
r e c o r d i n g ,  t h e  USB r e c e i v e r  o u t p u t  was t r a n s f e r r e d  t o  NET 1 
a t  "SECO" and t h e  VHF r e c o r d i n g  from t h a t  t ime u n t i l  1 4 m :  15' 
was t h e  b e t t e r  USB r e c e i v e r .  

The VHF up v o i c e  a t  BDA was remov.ed from t h e  n e t  
e a r l y  (gm:  40' i n s t e a d  of  12m: O O s  GET) c a u s i n g  t h e  space-  
c r a f t  t o  miss some impor tan t  t r a n s m i s s i o n s  from MCC. 

3.4 MSFN S t a t i o n  Ship  USNS Vanguard (VAN) 

No v o i c e  r e c o r d i n g s  from t h e  Vanguard were a v a i l a b l e  
f o r  r ev iew,  b u t  from examinat ion  o f  t h e  MCC NET 1 t r a n s c r i p t  
i t  appea r s  t h a t  t h e  Vanguard was no t  con t inuous ly  connec ted  
t o  t he  n e t  on VHF. Two s h o r t  p e r i o d s  of weak b u t  readable 
v o i c e  from t h e  s p a c e c r a f t  were observed  a t  13': Ogs GET and 
16": 28' GET. 
t r a n s m i s s i o n s  v i a  t h e  Vanguard, b u t  t h e  CSM crew d i d  n o t  
answer repeated c a l l s  from MCC d u r i n g  t h i s  t i m e .  (Key H )  

It i s  n o t  known i f  t h e  s p a c e c r a f t  heard any 

The Vanguard r e p o r t e d l y  had USB communications w i t h  
t h e  s p a c e c r a f t ,  b u t  a p p a r e n t l y  n o t  VHF communications. S i n c e  
the  s p a c e c r a f t  was no t  up on USB, it i s  d o u b t f u l  tha t  t h e y  
r e c e i v e d  any t r a n s m i s s i o n s  from MCC d u r i n g  t h i s  p a s s .  MCC 
r e c o r d e d  o n l y  two b r i e f  s p a c e c r a f t  messages d u r i n g  t h i s  t i m e ,  
from which  r e c e i v e r  i s  no t  known. 
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3.5 MSFN S t a t i o n  Canary I s l a n d  ( C Y I )  

3 .5 .1  USB Down Voice 

USB down vo ice  was weak and s l i g h t l y  g a r b l e d .  
The r e c o r d i n g  was a t  a lower l e v e l  t h a n  the  u p l i n k  v o i c e  on 
t h e  same t a p e  (see p a r a .  3 . 5 . 2 ) .  

3.5.2 USB Up Voice 

The f i r s t  up v o i c e  heard on the C Y 1  USB 
r e c o r d i n g  was t h e  l B m :  52' MCC t r a n s m i s s i o n ,  "APOLLO 7 
HOUSTON, HOW A R E  YOU READING NOW?" The dubbed r e c o r d i n g  
which was examined was of poor q u a l i t y  and n o t  cons ide red  
r e p r e s e n t a t i v e  o f  t h e  c i r c u i t  as heard a t  t h e  C Y 1  s t a t i o n .  
Up vo ice  was readable u n t i l  2 4  minutes  (GET) when t h e  c i r c u i t  
was d i sconnec ted  from t h e  network. 

3 .5 .3  VHF Down V o i c e  

F i r s t  vo ice  heard was the 17m: 03' (GET) 
"ROGER" from t h e  s p a c e c r a f t .  The down v o i c e  on t h e  s t a t i o n  
r e c o r d i n g  and NET 1 was somewhat g a r b l e d  and a t  times weak, 
b u t  could  b e  o c c a s i o n a l l y  unders tood .  (Key I )  It i s  
b e l i e v e d  some down v o i c e  was l o s t  about  l g m :  3 O S ,  while t h e  
s t a t i o n  was r e c o n f i g u r i n g  f o r  Simplex A VHF r e c e p t i o n .  A t  
l g m :  3OS ( G E T ) ,  t h e  background n o i s e  i n c r e a s e d  s l i g h t l y  and 
t h e  s p a c e c r a f t  vo ice  as subsequen t ly  heard on NET 1 a t  MCC 
improved markedly  w i t h  the  VHF Simplex A Conf igu ra t ion .  
(Key J) The down v o i c e  remained loud  and c l e a r  u n t i l  t h e  
s t a t i o n  went o f f  t h e  n e t  a t  2 4 m :  05' GET. 

3.5.4 VHF U p  Voice 

The 'first MCC v o i c e  heard on t h i s  r e c o r d i n g  
was "MARK 1 7  MINUTES, GET." Voice q u a l i t y  was f a i r  and 
s i g n a l  l e v e l  was s a t i s f a c t o r y .  Readable v o i c e  was heard 
u n t i l  24": 00' GET when C Y 1  d i sconnec ted  from t h e  network. 

3.5.5 Explana t ion  o f  Observed Anomalies 

The C Y 1  s t a t i o n  a p p a r e n t l y  had a g a r b l i n g  
VHF r e c e i v e r  similar t o  t h e  one a t  BDA. Swi tch ing  t o  the 
Simplex A mode g o t  around the  d i f f i c u l t y .  
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4.0 CONCLUSIONS 

One o r  p o s s i b l y  two poor  VHF r e c e i v e r s  (BDA and C Y I ) ,  
improper  equipment ad jus tments ,  and p r o c e d u r a l  e r r o r s  i n  v o i c e  
swi t ch ing  a t  three of  t h e  MSFN s i t e s  cove r ing  t h e  f i r s t  twenty- 
f o u r  minutes  of f l i g h t  r e s u l t e d  i n  u n s a t i s f a c t o r y  v o i c e  communi- 
c a t i o n s  d u r i n g  t h e  Apollo 7 l aunch  phase.  A t  l eas t  two s i tes  
( G M I L  and GBM/GBI) had good v o i c e  s i g n a l s  i n  excess  of  t h e i r  
nominal network p a r t i c i p a t i o n  times. However, because t h e  
handover  procedures  s t i p u l a t e d  connec t ion  t o  the  NET 1 c i r c u i t  
( G O S S  Conference)  by t h e  clock wi thou t  c o n s i d e r i n g  s i g n a l  
q u a l i t y ,  t he  b e t t e r  voice  s i g n a l s  were n o t  r e c e i v e d  a t  the  
Mission Con t ro l  Center .  By l i n k i n g  the s i t e s  t o g e t h e r  on a 
p a r t y  l i n e ,  t h e  bad r e c e i v e r  a t  BDA degraded t h e  e n t i r e  v o i c e  
network w h i l e  good v o i c e  s i g n a l s  as l o c a l l y  r e c e i v e d  were n o t  
connected t o  MCC. 

Handover procedures  f o r  t he  down vo ice  communication 
should  be coord ina ted  a t  a c e n t r a l  p o i n t  such as the GSFC 
s w i t c h i n g  c e n t e r  s o  that  t h e  bes t  a v a i l a b l e  vo ice  q u a l i t y  
could  be connected t o  t h e  Mission Cont ro l  Center .  C e n t r a l i z e d  
v o i c e  network c o o r d i n a t i o n  would a l s o  p reven t  t h e  d i sconnec t -  
i n g  of  s p a c e c r a f t  t r a n s m i s s i o n s  t o  MCC i n  t h e  middle  of a 
message. 

2 0 3 4-LAF-ew 
Attachments  
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